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(54)lltle: CATHETER WITH EXPANDABLE WIRE MESH TIP 




(57) Abstract 

A catheter for use in angioplasty and other medical procedures is disclosed. The catheter features a flexible wire mesh tip 
(2) movably attached at a distal end of the catheter (1), the tip being expandable from a contracted position which it is first in 
when the catheter is deployed inside the lumen of a vessel, to stretch open the lumen and elimmate a flow obstruction therein, 
such as is caused by plaque deposits; the tip subsequently being returnable to its contracted position inside the catheter when the 
catheter is withdrawn from the lumen of the vessel. Radio frequency energy may additionally be used to weld the source of the 
flow obstruction to the wall of the lumen leaving a conduit of sufficiently expanded diameter to allow resumption of normal flow 
in the vessel. 
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6 CATHETER WITH EXPANDABLE WIRE MESH TIP 

Catheters ha>^ng inflatable balloons mounted on their distal ends are a 
commonty used apparatus for entering blood vessels to expand and open strictures at 
remote sites in a non-Invasive manner. 

In conventional balloon catheters, vessel expansion Is achieved by inflating the 
10 balloon on the catheter tip at the site of the obstruction. The balloon expands radially 
outward, thereby expanding the place in the blood vessel where rt is located. 

One disadvantage of the conventional balloon catheter is that blood flow 
through the lumen of the vessel in which the balloon is to be inflated, which is already 
severely reduced because of tiie stricturei Is momentarily completely cut-off when the 
15 balloon is inflated and exerting pressure against the stricture-causing mass and/or wall 
of the vessel. If such a condition is maintained for an extended period of time it is 
possible that damage to or necrosis of the tissue material of the vessel wall may occur. 

Accurate control of tiie extent of inflation of tiie balloon may also be difflcuK to 
achieve in some circumstances wfth conventional balloon catheters. If inflation is not 
20 carefully monitored and controlled, it is possible to overinflate the ixdloon which in turn 
may cause a stretching and weakening of the vessel wall. 

in the particular application of balloon catheters to angioplasty, moreover, there 
Is a possibility, which occurs at a frequency on the order of about 5% of the cases, of 
the abrupt reciosure of an expanded artery after balloon angioplasty. This is generally 
25 due to a dissection of the arterial wall obstructing the lumen, to elastic recoil of the 
arterial wall, or to spontaneous spasm of the arterial wall. 

Accordingly, a catheter featuring a novel means of lumen expansion at its distal 
end has been developed. The present invention utilizes an expandable wire mesh tip 
attached to the distal end of the catiieter. in certain embodiments of the catheters, the 
30 ^re mesh tip is expanded at the situs of a stricture in a lumen through \A^ich the 
catheter is being manipulated by means of a control mechanism which pulls on the 
mesh to shorten the length of the mesh device while simultaneously expanding its 
diameter. In certain other embodiments, a wire mesh material intrinsic shape 
restoring properties is employed as the material of tiie vrire mesh tip, YiiXh the wire 
35 mesh tip being fabricated to have a default position In an expanded state, and a 
moveable sheath being utilized as the means to attemativety contain the wire mesh tip 
in a contracted position. 
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A catheter for insertion In the lumen of a vessel according to the present 
Invention generally Includes the dements of a tubular catheter body, a wire mesh tip 
and means for manipulating the vrire mesh tip. 

The tubular catheter body Is of substantially tubular shape, open at boUi ends. 
6 has an Inner diameter and an outer diameter, a fixed lengtti, and a proximal end and 
a distal end. 

The wire mesh tip Is capable of being configured to have a substantially 
cylindrical shape of variable dimensions, open at both ends, with the wire mesh tip 
having a variable diameter, a variable iengtt>, and a proximal end and a distal end. The 
10 wire mesh tip Is attached at Its proximal end to ttie distal end of ttie cattieter body, such 
tfiat the wire mesh tip and the catiieter body are coaxially joined In a lengttiwise 
direction. 

The means for manipulating ttie wire mesh tip is utilized to move the wire mesh 
tip back and fortii between a contracted position, wherein the tip is configured to have 
16 dimensions of a contracted diameter substantially equal to and not greater ttian the 
Inner diameter of the tubular catheter body, and a contracted position length, and at 
least one expanded position, wherein the tip is configured to have dimensions of an 
expanded diameter greater ttian ttie contracted diameter and not greater than thbty 
times tile outer diameter of ttie catheter body, and an expanded position lengtti that Is 
20 shorter than the contracted position lengtti. 

Rg. 1 1s a side view of the distal end of one embodiment of a catheter according 
to ttie present invention, witti a wire mesh tip shown in a contracted position. 

Rg. 2 Is a side view of ttie distal end of ttie cattieter of Rg. 1 , witti ttie wire mesh 
tip shown In an expanded position. 
25 Rg. 3 is an end view of one embodiment of a circular control wire connection 

plate inside a cattieter according to the present invention. 

Fig. 4 is a side view of a cattieter according to ttie present Invention, witti a wire 
mesh tip in an expanded position inside a vessel, and sho>^ng tiie available flow path. 
Rgs. 5 a, b and c are front end views of alternative embodiments of elements 
30 of the wire mesh tip expansion-contraction control mechanism according to the present 
Invention. 

Rgs. 6 a and b are side views of attemative embodiments of ttte wrire mesh tip 
expansion-contraction control mechanism according to the present invention. 
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Fig. 7 Is a side view of an alternative embodiment of a eatheter according to tl)e 
present invention, wiUi a wire mesli tip, siiown in a contracted posiUon, and an 
expansion-contraction controi mechanism. 

Rg. 8 is a side view of an altemative embodiment of a catlieter according to the 
6 presmt invention, with a wire mesh tip, shown in an expanded position, and an 
expansion-contraction controi mechanism, and showing the avaliabie flow path. 

Rg. 9 is a longitudinal view of the distal end of a catheter according to the 
present invention with a wire mesh tip further provided with two parallel helical bipolar 
electrode leads for supplying RF energy to the wire mesh tip. 
10 Rg. 10 is an enlarged view of the distal end of the tubular catheter body and 

wire mesh tip of Rg. 9 showing details of the path of the two helical bipolar electrode 
leads through an annular space between the inner and outer walls of the catheter body 
and attachment of the leads to the wire mesh tip. 

Rg, 1 1 is a side view of an altemative embodiment of a catheter according to 
15 the present Invention, with a self-expandable vAre mesh tip, shown in a constrained 
position. 

Rg. 12 is a side \riew of the catheter of Hg. 11, with the wire mesh tip shown in 
an expanded position. 

Rg. 1 3 is a side view of another altemative embodiment of a catheter according 
20 to the present invention, with a seif-expandable wire mesh tip open at both ends for 
maximum blood flow. 

Rg. 14 is a cross-secfa'cn ^new of the catheter of Rg. 13. 

Generally expansion of the wire mesh tip at the end of the catheter is 
accomplished by compressing the wire mesh tip in a direction along the common 
25 longitudinal axis of the tip and the catheter, in certain embodiments of the catheter 
according to the present invention, this is achieved by actuating an external remote 
controi means which causes a pulling force to be exerted on longitudinal tip control 
means atta^ed at one end to the leading edge of the wire mesh tip. The control 
means runs from the points of attachment to the distal end of the wire mesh tip, axialiy 
30 along the length of the wire mesh tip, and then through the tubular body of the catheter 
to external remote controi means to which the opposite end of the tip control means 
is attached. The tip controi means has several altemative embodiments, as will be 
described. Including one embodiment with a plurality of branch control wires attached 
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at one end to the wire mesh and at the other end to one face of an intennedlary control 
plate, with a single control element attached to an opposite face of the control plate 
and extending along and out from the catheter, and another embodiment wMch uHlizes 
only a single control element attached to the vAre mesh by a front plate. Inthe 

5 embodiment of the apparatus which utilizes a plurality of branch control wires, the tip 
control means for manipulating the wire mesh tip back and forth between Rs contracted 
position and tts at least one expanded position generally includes the dements of a 
plate, a control element, a plurality of branch control ^res, and remote control means. 
The plate has a diameter substantially equal to and not greater than the inner 

1 0 diameter of the tubular catheter body. The plate has a front face facing In the direction 
of Vhe distal end of the catheter body and a bacl< face fadng in the direction of the 
proximal end of the catheter body. In a prefen-ed embodiment, the plate is circular or 
substantially circular in shape. Alternatively, the plate can be square, rectangular or 
polygonally shaped, preferably having at least six sides. The plate is oriented In a 

i 5 plane perpendicular to the longitudinal axis of the catheter body, such that a dearanee 
Is provided between the plate and the inner diameter of ^e tubular catheter body to 
enable movement of the plate back and forth along the longitudinal axis of the catheter 
body. 

The plurality of branch control vAres, each having a proximal end and a distal 
20 end, are each attadied at thdr distal ends to the distal end of the wire mesh tip at 
selected points around the circular perimeter of the cylindrically shaped wire mesh tip 
at the distal end of the tip. The wire mesh tip is preferably open at both ends to enable 
the maximum possible flow through the wire mesh tip. The branch control \Arires have 
a length greater than the length of the wire mesh tip in its contracted position, such that 
26 the branch control wires extend iongitudlnaily from their points of attachment at the 
distal end of the wire mesh tip parallel to the length of the wire mesh tip in a direction 
toward the proximal end of the catheter body, with each branch control wire being 
attached at its proximal end to the front face of the plate at selected points on the front 
face of the plate. When the wire mesh tip is in its contracted position, ha>^ng its 
30 maximum length, the plate is positioned at a first position tt^ereof, and the branch 
control wires are positioned at a first position tiiereof, having a maximum component 
of their length that is paraliel to and coaxial witii the longitudinal axis of the catheter 
body. When the wire mesh tip is in an expanded position, the plate Is positioned at a 
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second position thereof, wherein the plate extends further towand the proximal end of 
the catheter body than when the plate is In its first position, and the branch control 
wires are positioned at a second position thereof, \m\ng a component of their length 
that is parallel to and coaxial with the longitudinal axis of the tubular catheter body, 
6 which is shorter than the maximum component when in the first position. Altematlve 
embodiments of the apparatus according to the present invention can incorporate from 
2 to 12 branch control wires. A prefen'ed embodiment utilizes six branch control wires. 

The control element having a proximal end and a distal end, is attached at its 
distal end to the bacic face of the plate, and extends longitudinally away from the plate 

10 through the tubular catheter body, coaxlally with the longitudinal axis of the tubular 
catheter body, in a direction toward the proximal end of the tubular catheter body. The 
confroi element exits from the proximal end of the tubular catheter body and temninates 
at the proximal end of the control element The control element is a wire or a solid rod 
of sufRclent diameter and rigidity to transmit a pulling force whHe remaining flexbie, and 

15 not kinking. Altematively, a hollow tube can be used as the control element in place 
of a wire or solid rod. The maximum diameter of the control element is less than the 
inner diameter of the tubular catheter body, so that an armular space remains between 
the outer wail of the control element and the inner wall of the tubular catheter body. 
The proximal end of the main control element exits at the proximal end of the 

20 tubular catheter body, and is attached to the remote control means for enabling remote 
actuation to cause the wire mesh tip to change its position from its contracted position, 
in which the wire mesh tip is maintained while the catheter is being deployed in the 
lumen of a vessel, to Its the expanded position, in wMch the wire mesh tip is maintained 
while an obstruction in the lumen is compressed against the walls of the lumen to 

25 restore circulation through the lumen. The remote control means is also capable, 
altematively, of reversible actuation to cause the wire mesh tip to change position from 
its the expanded position to its contracted position in order to enable withdrawal of the 
catheter from the lumen. 

The wfre mesh tip is caused to move from its contracted position to its 

30 ocpanded position by actuating the remote confroi means in such a way as to exert a 
pulling force on the proximal end of the confroi element causing the confroi element to 
move in a longitudinal direction parallel to the longitudinal axis of the tubular catheter 
body, towards the proximal end of the tubular catheter body. The pulling force on the 



wo 94/00178 



PCT/US93/04313 



de- 
control element is transmitted to tlie plurality of branch control wires by the plate, 
causing the plate and the branch control wires to be displaced from their respective first 
posWons to their respective second positions and causing the distal end of the wire 
mesh tip to be moved from its contracted position to its expanded position. 

5 Conversely, deactuation of the remote control means to tenninaie the pulling 

force on the control element causes the control element, the plate and the branch 
control wires to return from their respective second positions to their respective first 
positions, by moving those elements in a direction towards the distal end of the tubular 
catheter body, thereby causing the vinre mesh tip to return to its contracted position 

10 from its expanded position. 

Referring to Rg. 1, depicting a prefened embodiment utilizing a plurality of 
branch control wires, distal end of catheter 1 with wire mesh tip 2 is shown in Its 
contracted position of diameter D,. A plurality of branch control wires 3, three being 
shown as 3a, b and c, are attached to the leading edge of the mesh 4 around its 

15 periphery at connections 6, the three connections shown as 6a, b and c corresponding 
to the points of connection of the three branch control wbes, respectively. The branch 
control wires 3 are oriented longitudinally with the mesh device and coaxially with the 
principal longitudinal axis of the overall catheter. The bran^ oontrol wires 3, have 
length U which is longer than the length of the mesh tip 2 in its contracted position 1^ . 

20 The wires extend an initial distance into the annulus of the catheter when the mesh 
tip is in its contracted position. A total of from 2 to about 12 branch wires 3 may be 
utilized around the periphery of the wire mesh tip. In one preferred embodiment, a total 
of 6 branch control wres are utilized, equidlstantly spaced around the periphery. The 
ends of the branch control >^res opposite to those attached to the leading edge of tiie 

25 vwre mesh tip are attached to an outer, front face of circular plate 6, whid> has a 
diameter slightly smaller than the inside diameter of the tubular catheter body. 
Referring to Rg, 3, one preferred configuration of circular plate 6, accommodating a 
total of 6 branch control wires 3 a-f attached to the wire mesh tip, is shown in end ^ew. 
The plate 6 has a diameter D which is slightly smaller than the inside diameter (ID) of 

30 tubular catheter body 1 to enable free movement of plate 6 axlally along the catheter. 

A control wire 7 is attached to the opposite, back face of dreular plate 6 and 
extends therefrom along the length of catheter 1 to a remote control means extemal to 
the catheter (not shown) which enables an operator to pull on the control wire 7. This 
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puliing force is transmitted to the brancli control vidres 3 attached to the wire mesh tip 
2 via the circular plate 6 to which all brand) control \Adres are attachedt thereby causing 
the wire mesh tip 2 to move from its contracted position to an expanded position. 
Attemaliveiy, control wire 7 Is a hollow tube. 
6 Refem'ng to Rg. 2, the distal end of catheter 1 with wire mesh tip 2 attached 

thereto is shown in its expanded position of diameter D^. Control wire 7 has been 
pulled in the direction of arrow W exially through the annulus of the tubular catheter 
body away from the distal end of the catheter. This causes drcular plate 6 to which 
control wire 7 and all branch control wires 3 are attached to move from position X 

10 shown in Rg. 1 to position Y shown in Rg. 2. In tfiis expanded position, the portion 
of the total length L of branch control wires 3 in the annulus of the catheter changes 
fjrbm L3, shown In Rg. 1 for the contracted positton to for the expanded position of 
Rg. 2. At the same ttne, the length of the vrire mesh tip and hence ttie portion of the 
. length of branch control wires 3 therdn is shortened from shown in Rg. 1 for the 

15 contracted position, to L\ shown in Rg. 2 for the expanded position. 

The expansion of wire mesh tip 2 on the distal end of catheter 1 from tts 
contracted position shown in Rg. 1, in which condition it is emplaced In the lumen of 
a vessel, to its expanded position shown in Rg. 2, causes an increase in the effective 
passageway in the lumen of the vessel available for blood flow of widUi 02-0^^ where 

20 D2 is the diameter of an unconstrieted vessel and D, is the diameter of a vessel witti a 
stricture. Expansion of the wire mesh device at the stricture will cause a pliable 
stricture-causing materialt such as plaque, to be compressed at the walls of the vessel 
and open the passageway by a widtti - - 0,, for improved flow. 

The wire mesh tip on tiie distal end of the catiieter, once having been expanded 

25 according to the foregoing, Is again fully retractable to its initial position, wherein the 
catheter and tip can be withdrawn from the vessel. Reconfiguration of the wire mesh 
tip to its contracted position Is accomplished by a reversal of the procedure used to 
expand the tip. The operator deactuates the external remote control means which 
removes the pulling force exerted on the confrbl wire means and assodated elements. 

30 The catheter with wire mesh tip at its distal end, according to the present 

invention, has several advantages over conventional balloon catiieters. 
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The catheter with vvire mesh tip allows precise control of the diameter to which 
the mesh is expanded, thereby eliminating the possibility of over-expansion and 
possible consequmt damage to the vessel. 

Another advantage of the catheter and wire mesh tip system of the present 
5 invention is that the system does not totally occlude the blood vessel when the wire 
mesh tip Is expanded. Even In its fully expanded state, blood will continue to flow 
through the open ended, generally cylindrically-shaped wire mesh tip along a flow path 
from the outer wall of the catheter to the edge of the wire mesh tip. 

Rg. 4 shows catheter 1 with wire mesh tip 2 In its expanded position In place 
10 in a vessel whose walls are shown in side view by 8a, b. The arrows designated z 
define the flow path through the blood or fluid penneable mesh even when the mesh 
device is in its expanded position. 

The wire mesh tip of a catheter according to the present invention tm be 
fabricated flrom any type of wire mesh material with a mesh size that has suffldent 
1 5 permeability to allow the flow of blood or whatever fluid is flowing through the vessel 
in which the catheter is being utilized through the mesh when the tip is in its expanded 
posiflon, in order that the lurnen in which the catheter is being manipulated does not 
become totally occluded to flow when the mesh tip is in the expanded position. 

The wire mesh material itself can be fabricated from any bidoglcally inert 
20 material. It is preferable that the wire be metal, although certain inert plastics living 
sufficient strength may also be used. Stainless steel, titanium, titanium alloy, nitinol 
(nicicel-titanlum alloy), and vitallium alloy are suitable. metallic materials of constmcBon 
of the wire mesh. High molecular weigh polyethylene is a suitable plastic material of 
constnicHon. 

25 The wire mesh material can be made in a variety of patterns. Braided, woven 

and knit designs can be utilized as long as the fineness of the mesh size Is greater than 
the molecular size of the fluid to be transmitted therethrough, so that fluid flow is not 
prevented by the mesh. 

The extent of compression of the flow obstnicUng material in the vessel that is 

30 effected by expansion of the wire mesh tip is determined in part by the fineness of the 
mesh material and the pattem that it fonns which is utilized. Thus, if a tightly woven 
mesh Is used, the flow obstructing material will be fedriy evenly compressed against the 
wall of the vessel, whereas if a more loosely woven wire mesh is uUiized, compression 
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of the flow obstructing material against the wall of the vessel will occur only where the 
mesh comes In contact wHh the material. There will be little or no compression In the 
Interstices between the mesh. In this case, a waffle pattern will be impressed on the 
flow obstruoHng material. If the mesh material Is sharp, it may cut into the flow 
5 obstnicting mass causing particles of it to be cut away. 

Rather than having particles of the flow obstructing material become cut loose 
or abrade from the vessel wail and be free to circulate through the vessel, it is instead, 
desirable to either weld the material in a compressed state to the vessel wall or ablate 
the material. This is accomplished by provision for attemative means for welding or 

1 0 ablating the material, such as through the application of radio frequency energy to the 
material, as is described in detail below. 

The wire mesh tip expansion-contraction controlling mechanism of the apparatus 
of the present Invention can also be fabricated in a variety of altematlve ways to the 
control element-plate-branch control vAtgs combination of the embodiment discussed 

15 above. According to such attemative . embodiments of the catheter, which also 
generally indude a caOieter body, a wire mesh tip and means for manipulating the wire 
mesh tip, the means for manipulating said wire mesh tip back and forth between Its 
contracted position and Its at least one expanded position Includes a plate-like element 
having a diameter or an equivalent diameter substantially equal to and not greater than 

20 the inner diameter of the tubular catheter body and having a front face facing in the 
direction of the distal end of the tubular catheter body and a back face facing in the 
direction of the proximal end of the tubular catheter body. The plate-like element Is 
oriented In a plane perpendicular to the longitudinal axis of the tubular catheter body, 
and is attached to the wire mesh tip around the circular perimeter of the cyllndrically 

25 shaped wire mesh tip at the distal end of the wire mesh tip. The plate-like element 
attached to the leading edge of the open cylindrical wire mesh tip around the periphery 
thereof is preferably circular in shape, but can also be square, rectangular or 
polygonally shaped, preferably having at least five sides. The plate-like element is 
generally a solid plate, however, according to other alternative embodiments, it is 

30 altematively an element selected from the group consisting of an annulus and a 
perforated plate. 

These embodiments also include a control element, wMch attematively is a wire, 
a soUd rod or a hollow tube, having a proximal end and a distal end, attached at its 
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distal end to the back face of the plate-like element and extending longitudinaliy away 
from the plate-lilce element through the tubular catheter body, coaxlally wHh the 
longitudinal axis of the tubular catheter body, in a direction tovAwd the prodmal end of 
the tubular catheter body, and tenninating at the proximal end of the control element, 
5 exiting from the proximal end of the tubular catheter body. The maximum diameter of 
the control element is less than the Inner diameter of the tubular catheter body, leaving 
an annular space between the control element and the inner wall of the tubular catheter 
body. When the plate-like element is an annulus, preferably an annular ring, the 
mechanism for manipulating ^e wire mesh tip further includes a plurality of supporting 

10 struts for attaching the control element to the annular ring. One end of each of the 
plurality of supporting struts Is attached to a solid outer portion of the annular ring 
around the periph^ thereof, and the opposite end of each of the plurality of said 
supporting struts Is attached to the control elemenL In one preferred arrangement, the 
plurality of supporting stmts are oriented co-planar with the annular ring and the distal 

15 end of the control element; and in an altemaUve preferred arrangement, they have a 
portion of their lengtti non-coplanar wtth the annular ring, which portion of their length 
. extends axially vAh the control element in a direction towards the proximal end thereof. 
Altemaflve embodiments of the control mechanism of this embodiment of catheter 
according to the present Invention can have from 2 to 12 supporting struts. A preferred 

20 embodiment has from 3 to 8 supporting struts. 

When tiie plate-like element is an element selected from a solid plate and a 
perforated plate, the catheter further Includes a plurality of supporting struts each 
attached at one end tiiereof to the plate^ike element around its periphery, and at an 
opposite end of each of the plurality of supporting struts to the control element, such 

25 that the supporting stnjts have a portion of tiieir lengtii extending axially wtth the control 
element In a direction towards tiie proximal end tiiereof. 

Finally, tiie wire mesh tip manipulating means for these altemative embodiments 
also includes remote control means to which the proximal end of the control element 
Is attached, for enabling remote actuation to cause the wire mesh tip to niove from its 

30 contracted position, alternatively to an Intemiediate partially expanded position or to the 
fiiily expanded position at which an obstruction in the lumen of the vessel in which the 
catheter Is deployed Is compressible against walls of said lumen In order to restore 
drculaUon through said lumen. The remote confrol means-is also utilized to later cause 
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the wire mesh tip to return to Its intUal contracted position to enable wHhdrawal of said 
oatheter from the lumen. 

Rgs. 5, 6, 7 and 8 show elements of the foregoing altemative wire mesh tip 
control mechanisms and their employment. 
6 In one altemative embodiment of the control mechanism shown in Rg. 5 a, an 

annular ring (annulus) 9 Is utilized. Annular ring 9 is attached to the leading edge of 
the periphery of wire mesh tip 2, shown in Rg. 6. A control wire 1 1 is utilized to move 
the ring In a longitudinal direction along the axis of the tip and catheter to cause the 
wire mesh tip to move from its contracted position to an expanded posttfon and back. 

10 Control wire 1 1 is attached to annular ring 9 by a plurality of supporting struts 1 0 which 
are attached at one of their ends to the edge of the ring and at their opposite end to 
control wire 1 1 . Rg. 5a shows one example of such an armular ring control mechanism 
having four struts lOa-d equldlstantiy distributed around the perimeter of the annular 
ring 11, by which the ring 11 Is attached to main control wire 11. The supportbig struts 

15 1 0 can be positioned such that they are within the plane of the ring 9, or they may have 
a portion extending parallel to or at an angle with their point of attachment to control 
wire 11 and their point of attachment to annular ring 9, such that the points of 
attachment to the ring and the control wire are in different planes perpendicular to the 
axial direction of the catheter as shown in Rg. 6a. The space inside annular ^^.q 9 is 

20 an additional path available for blood or fluid flow when the wire mesh tip is in an 
expanded position, as shown by anrows X in Rg. 8. 

Other altemative embodiments of the control mechanism, utilizing a solid plate 
and a perforated plate, respectively, are shown in Figs. 5b and c. The solid, circular 
shaped plate element 12 of Rg. 5b is also attached to the leading edge of the wire 

26 mesh tip around its periphery, but allows for direct attachment of control wire 11 to tiie 
rear face of the plate. Circular plate 12 can be more securely attached to control wire 
1 1 by the use of a plurality of reinfordng struts 10 distributed around the periphery of 
the plate with one end attached thereto and the other end attached to control wire 1 1 , 
as shown in Rg. 6b. The solid drcuiar control plate 12, however, does not present 

30 addWonal flow path area for fluid flow. Where such a control element is utilized, the 
flow path for fluid flow yOh the mesh tip in an mpanded position is limited to flow 
channels through the >Artre mesh Itself, as shown by arrows z in Rg. 8. 
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Another aRemattve embodiment of the control mechanism utilizes a perforated 
plate, preferably in the shape of a circular disic, as shown in Hg. 6e. The perforated 
disk 13 embodiment of the control element offers the advantage of a more solid point 
for attachment of control wire 1 1 , as with the solid circular plate embodiment 12, while 
5 allowing for additional channels for fluid flow through the perforations, when the mesh 
tip is in the expanded position, shown by arro\A^ X in Rg. 8, as with the annular ring 
element 

In certain attemative embodiments of the catheter according to the present 
invention, the wire mesh tip Is fabricated from a wire mesh material having intrinsic 

10 shape-restoring properties, witii the wire mesh tip being fabricated to have a default 
position in its expanded position. In such an embodiment, the tip is maintained in a 
contracted state by a sheath which in a first position sun-ounds the tip and exerts a 
restraining force which holds the wire mesh together. When It is desired to expand tiie 
tip, the sheath is retracted to a second posftion by moving It in a direction toward the 

1 5 proximal end of the catheter body such that It no longer surrounds the wire mesh tip, 
tiiereby causing the wire mesh tip to expand wiOiout tiie need for the use of further 
. control means, due to the nature of the material of the wire mesh tip and its having 
been fabricated in such a manner tiiat a defoult position of the wire mesh tip, when no 
external restraining forces are applied to it, is in its expanded position. The sheath in 

20 these embodiments essentially conesponds to the tubular catheter body of the 
previously described embodiments. The wire mesh tip is returnable to its contracted 
position when tiie sheath is moved In a direction toward the distal end of tiie catheter 
body, Into the sheath's first position, wherein it again surrounds tiie wire mesh tip and 
exerts a restraining force thereupon, causing tiie wire mesh tip to remain in its 

25 contracted position while the restraining force is exerted by the sheatii The proximal 
end of the wire mesh tip is attached to a control element, which depending upon the 
application of use of the catheter, is alternatively a rod, a tube or an open coil. 

Referring to Figs. 11 and 12, which illustrate this attemative embodiment, the 
wire mesh of wire mesh tip 2 is bonded to open coil 23 along a segment of the length 

30 of the coll at a point 25. A recovery tube or sheath 15is used to guide the catiteter into 
position over a gidde^re 17. In Rg. 1 1 , the wire mesh tip 2 is shown In the contracted 
position witti the sheath in place; while in Rg. 12, the wire mesh tip 2 is shown In the 
expanded position, ttie sheath 15 having been retracted to allow tiie shapenrestoring 



wo 94/00178 



PCr/US93/04313 



•13- 

Wire mesh material to expand and deploy the vAre mesh tip 2; the flow path for fluid 
flow y0\ the mesh tip in the expanded position is limited to flow channels through the 
wire mesh itself, as shown by arrows z' in Rg. 12. The wire mesh tip is fabricated in 
such a way that Its expanded position is the default position when unconstrained, due 
5 to the shape-restoring properties of the material, which causes the tip to assume that 
configuration when the restraining sheath is retracted. 

In another alternative embodiment of a wire mesh tipped catheter according to 
the present Invention, which also utilizes a material for the wire mesh which has intrinsic 
shape-restoring properties, and the wire mesh tip is fabricated to have a default position 

10 in its expanded position, the catheter also includes a control element, which is 
altematively a rod, a tube or an open coil as in the above embodiment, which 
cooperates with the vWre mesh tip, and can be aitemativeiy eitiier attached or 
unattached thereto, and also includes as the means for manipulating tiie wire mesh tip, 
a string passed through the open coil, )Nj\h a portion of the string being woven through 

15 the vdre mesh tip, such that in order to cause the wire mesh tip to assume its 
contracted position, flie string is pulled in a direction toward the proximal end of the 
catheter and inside the open coil, thereby causing that portion of the siring woven 
through the wire mesh tip to shorten, and in turn, causing the wire mesh tip to partially 
contract. This aRemaUve embodiment of the catheter also utilizes the movable outer 

20 sheath, as described above, which oon^esponds essenticdiytothetubuiar catheter body 
of previously described embodiments incorporating the control element-plate 
mechanism for manipulating the wire mesh tip. The sheath is capable of surrounding 
the wire mesh tip, and has a first position, in which the movable outer sheath surrounds 
the wire mesh tip, and a second position, in which the movable outer sheath does not 

25 surround the wire mesh tip, such that upon manipulation of the movable outer sheath 
in a direction toward tiie distal end of tiie catheter, from the second position to tiie first 

I position of the outer sheath, a remaining uncontracted portion of wire mesh tip Is 
caused to contract further such that the wire mesh tip is movable to its expanded 
position, first by manipulation of the outer sheatii in a direction toward the proximal end 

30 of the catiieter, from the first position to the second position of the cuter sheatii, to 
partially expand the wire mesh tip, by releasing tiie distal end of tiie wire mesh tip, and 
subsequenUy releasing the string, allowing the intrinsic shape-restoring force of the wire 
mesh tip to fully expand the proximal end of flie wire mesh tip. 
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Referring to Rgs. 13 and 14, which iUustrate this embodiment, the wire mesh of 
wdre mesh tip 2 is bonded to an open coll 23 at a single connection point 26. A 'purse 
string' 18 is Inside of the coil and Is woven through ttie wire mesh Hp. The diameter 
of the wire mesh tip is reduced prior to reinserting the tip in the sheath 15 by retracting 

5 or pulling back on the purse string in order to contract the wire mesh tip for recovery 
and rmoval from the vessel In which It has been deployed. The flow path for fluid flow 
with the mesh tip In the expanded position is limited to flow channels as shown by X' 
in Rg. 13. This embodiment is shown In cross section In Rg. 14. 

The wire mesh tip of all embodiments of catheter according to the present 

10 invention which utilize a control element-plate type mechanism for manipulating the wire 
mesh tip are capable of being configured in a number of positions, from fully 
contracted, through intermediate positions of partial expansion, to a fully expanded 
position, in each of the plurality of intennediate positions of partial expansion between 
the fully contracted position and the fuDy expanded position, the diameter of the wire 

15 mesh tip Is greater than its diameter In the fully contracted position, less than the 
maximum diameter in its tUUy expanded position, and not greater than its maximum 
diameter of thirty times the outer diameter of the tut>ular catheter body. The length of 
the wire mesh tip attending parallel to the axial direcSon of said catheter body In an 
intermediate position is shorter than Its length in the rantracted position, and greater 

20 than its length in its fully expanded position. 

For all such embodiments, the wire mesh tip Is altematively configurable from 
its fully contracted position through selected intermediate positions to its fully expanded 
position; from Its fully expanded position through selected intermediate positions to its 
fully contracted position; from a first selected intermediate position to another selected 

25 intermediate position which is alternatively more expanded or more contracted than the 
first Intermediate position, or from an intermediate position to the fully contracted orfuily 
expanded position. 

The position and state of configuration of the wire mesh tip witii respect to its 
expansion or contraction is proportional to the pulling force being exerted on the main 
30 conti^l wire through the remote control means. 

In the embodiments which utilize a wire mesh tip fabricated from an Intrinsic 
shape-restoring material, and utilizing a movable sheaUi to deploy the wire mesh tip, 
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the wire mesh tip is only a biposttional device, capable of assuming aKematively only 
a fully oontracted or a fuBy expanded position. 

For all the embodiments of the wire mesh tip according to the present Invention, 
tiie wire mesh tip is altematively fabricated from a single piece of wire mesh which can 
5 be Joined lengthwise side edge to side edge fom^g a seam in order to fbnn an open 
cylindrical tip, or the wire mesh tip can be formed from a plurality of rectangular vAtb 
mesh panels, with each panel having a proximal end, a distal end and two sides, the 
sides being longer than the ends, further with each panel terminating In a fonvard 
section having an outwardly facing curvilinear edge, and each panel being iongrtudinally 

10 attached to an adjoining panel on botii sides, to form a substantially cylindrical tip. In 
the embodiments of the apparatus which utilize a main control element-plate4>ranch 
control vtrires system as the means for manipulating the wire mesh tip, altematively, all 
or selected ones of the panels have one of the plurality of branch control wires attached 
thereto, at their fonrard section. 

1 5 According to the present invention, the wire mesh material of the wire mesh tip 

is fabricated In a braided, woven or knot pattern. The wire mesh material of tiie wire 
mesh tip has a mesh size that is penneabie to the flow of fluid present In the lumen of 
the vessel in which the catheter Is deployed. The wire mesh of the wire mesh tip Is 
fabricated from a metal or plastic that is Inert to fluid present In the lumen of the vessel 

20 In which the catheter is deployed. Such materials include stainless steel, nitinol, 
titanium, ^rttallium and polyettiyiene. 

Depending on tiie pliability and compressibility of the flow obstructing mass, a 
vessel in which the effective passageway avedlabie for blood flow has been increased 
by the above procedure may maintain its widened diameter or it may gradually or even 

25 acutely return to a stenosed state. In the former case, this occurs by the redeposition 
of flow obstructing material such as plaque on the walls of the vessel at the same 
location using the compressed material as a nucleation site for new deposWcn, or in 
tiie latter case by the sudden re-expansion of the compressed mass of material to at 
or near its original vessel ocduding diameter. Occurrence of the latter Is particularly 

30 undesirable, as it may precipitate acute cardiovascular, particularly coronary, 
insufficiency resulting in a serious, possibly life-ttireatening, cardiovascular incident, 
manifested as a heart attacic or stroke. 
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In order to prevent the re-oceurrenoe of either type of ooduslve oondttion, M is 
desirable that the flow ot)5lructing material be removed rather than merely compressed * 

tt Is known that radio frequency (RF) energy is effecitve in cutting or ablating 
plaque deposits on blood vessel watts, and for coagulatlhg tissue. 
6 Accordingiyt certain embodiments of a wire mesh tipped catheter according to 

the present invention furthw Include a wire for transmitting radio frequency energy. The 
wire extends ttie length of the tubular catheter body from the proximal end thereof to 
the distal end thereof. The wire is positioned in the annulus formed between the outer 
diameter of the inner tubular wall and the inner diameter of the outer tubular wall of the 
1 0 tubular catheter body, the wire being connected at a distal end thereof to the wire mesh 
tip, 

A source for generating radio frequency energy connected to the wire at a 
proximal end thereof, external to the proximal end of the tubular catheter body is also 
provided. 

15 In one embodiment, the wire for transmitting radio frequency energy is a main 

transmitting v^re which Is connected to the wire mesh tip at a plurality of points of 
attachment on the outer surface of the wire mesh through a con-esponding number of 
branch transmitting wires extending from the main transmitBng wire to the points of 
attachment 

20 For embodiments of catheters according to the present Invention which uUiIze 

a plurality of branch confrol wires and a plate as part of the means for manipulating the 
wire mesh tip, radio frequency energy is delivered in one embodiment by mearis of an 
ablation electrode attached to the plate and insulated from the wire mesh tip. In tiiese 
embodiments, a hollow tube is preferably utilized as the main confrol element to 

25 provide an annular space between the outer wall of the tubular confrol element and the 
inner wall of tiie tubular catheter body in which tfie wire for fransmitting electrical energy 
is placed to insulate it from the inner lumen of the tubular confrol wire. The inner lumen 
of the tubular control wire also provides a convenient lumen through which suctioning 
of debris and fluids can be perfonned. This embodiment also includes a wire for 

30 fransmitting electrical energy to the electrode. The wire extends tiirough the length of 
the wire mesh tip, and is insulated tiierefrom. tt furtfier extends through tiie length of 
the tubular catheter body from the proximal end tfiereof to the distal end thereof, and 
is Insulated from the wire for fransmitting radio frequency energy to the vAtb mesh tip. 
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which Is also contained In the annular space between the outer wall of the tubular 
control element and the inner wall of the tubular catheter body. Also Included is a 
source for generating electrical energy for the ablation electrode, which is connected 
to the wire for transmitting electrical energy at the proximal end of the vnre, external to 
5 the proximal end of the wire which is external to the proximal end of the tubular catheter 
body. 

Referring to Rg. 9, a conducting wire 8 for supplying RF energy to all or a 
portion of the mesh tip is shewn. The wire 8 is positioned in the annular space fomned 
between the inner wall of the tubular catheter body and the outer wall of a tubular 
10 control wire, mnning axially along the length of the catheter from its proximal end, at 
which it is connected to a source of RF energy, to the distal end of the catheter, which 
interfaces with the proximal end of the wire mesh tip, and where the conducting wire 
connected to the wire mesh tip at one location, or through a plurality of branching 
conducting vAres (not shown), to a plurality of locations on the outer surface of the 
15 open cylindrical wire mesh tip. 

The RF energy transmitting wire electrodes attached to the wire mesh tip can 
be eiUier monopolar or bipolar. 

Bipolar electrodes can be utilized witti a braided wire mesh by running two leads 
to two parallel helical elements In the mesh and insulating all other members from those 
20 two members, by fabricating all other memt>ers of the braided mesh from electrically 
non^nducting material such as plastic or by providing insulation over the otfienArise 
. electrically conductive wires to make them non-conducting. The two parallel helical 
members should both be either right hand or left hand helixes so that their elements 
do not cross. 

25 Fig. 9 shows how two parallel helical RF energy transmitting electrode leads 8a. 

b do not cross when attached to braided ^re mesh tip 2. 

Rg. 10 shows an expanded view of the distal end of catheter 1 showing the 

double wall tubular construction fomned by the Inner wall of the tubular catheter body, 

and the outer wall of a tubular control wire, and wire mesh tip 2 attached, with two RF 
30 transmitting leads 8a, b of a bipolar electrode running through the annular space 

between the inner and outer walls of the tubular catheter body and attached to the ^re 

mesh tip as parallel helixes not in contact with one another. 
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An advantage of the embodiment of the catheter with wire mesh tip, further 
provided with an RF energy transmitUng eieclrode attached to the mesh tip, is that it 
allows the RF energy to be transmitted through all or part of the mesh to cut, ablate or 
coagulate tissue. 

5 For angioplasty applications, this aUows for the capabUtty of first expandi^^ 

mesh tip to compress the restrictive plaque or other mass and then coagulate to seal 
it in its compressed position to prevent its reexpansion and the restenosis of the vessel. 

in the treatment of benign hypertrophy of the prostate, the system of the present 
invention with RF energy transmission capability can be utilized in a cutting mode to 

1 0 first expand the mesh tip and then rotate it while applying RF energy to the expanded 
mesh to cut out a plug of tissue to remove the urethral stricture. 

The apparatus of the present invention, particulaily the embodiment 
incoiporating means for applying RF energy to the surrounding tissue can also be 
utilized in the treatment of percutaneous diskectomy, wherein the wpanded wire mesh 

15 tip is first used to entrap tissue which Is then ablated or cut wRh the RF energy. 

Catheters utilizing altemative wire mesh fip actuation control means 
incorporabng a piate^e element such as an annular ring 9, solid disk 12 or perforated 
disk 13. can be provided with bipolar or sesquipolar electrodes by using one or more . 
wires of the mesh fip 2 as one electrode and the ring 9 or disk 12, 13 as the other 

20 electrode. The ring 9 or disk 12, 13 must be insulated from the vrire mesh 2. Separate 
RF energy supplying leads are connected to the wire mesh 2 and to the ring 9 or disk 
12, 13. 

In such a configuration, the electrode connected to the front ring 9 or disk 12, 
13 can function as an ablation electrode, while tiie electrode connected to the wire 

25 mesh tip is utilized for coagulation or welding plaque to the wall of tiie vessel. 

For alt of the embodiments of the catheter of tine present invention, it has been 
found that the possibility of the occurence of a thrombosis can be reduced by coating 
all or part of the catheter and the elements tinereof which come in contact with blood 
in a lumen of a vessel with a non-thrombogenic material, such as heparin or hirudin. 

30 For all applications, the elements of tiie catheter, and particulariy ttie wire mesh 

tip can also be coated wKh an elastomeric material to fadlitate movement of the 
catheter tiirough tiie lumen by decreasing any tendency to adhere to the lumen wall. 
The prefen'ed elastomeric materials include silicone and tiiermoplastio elastomers, such 
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as extruded and injection-fnolded elastomers, and particularty polyurethane and 
polyethylene, 

K has also been found useful In the method of use of the catheter to prime H 
with one or more of a radiopaque solution to assist in placement of the catheter by 
5 monitoring it with an instrument capable of detecting a change In electromagneta*c wave 
penetration; and a saline solution to give the outer surface of said catheter a blood pH 
compatible coating. 

The method of use of catheters according to the present invention in procedures 
to remove a mass obstructing the lumen of a vessel to increase flow through the lumen, 

1 0 such as in angioplasty for the removal of plaque, in the treatment of benign hypertrophy 
of the prostate to remove prostatic tissue causing a urethral stricture, and in the 
treatment of percutaneous dislcectomy to remove tissue, generally Includes the steps 
of inserting the catheter with the wire mesh tip in a contracted position into the lumen 
of the vessel; advancing the catheter to the situs of tiie obstmction; e)q>anding the wire 

1 5 mesh tip of the catheter to compress the obstaicHon and open the lumen for increased 
flow tiierettirough; maintaining the wire mesh tip in the expanded position for a 
sufficient time to maintain the obstruction in a compressed state so tiiat H will remabi 
compressed after the catheter is wtthdrawn; optionally utilizing electromagnetic energy 
such as radio frequency energy to ablate the obstruction; re^^ontracUng the wire mesh 

20 tip; and withdrawing the catheter from tiie lumen. 

The spedfie method utilized witti catheters according to tiie present invention, 
ttie embodiments of which are as illustrated in Rgs. MO, Is described by the following 
procedure. 

The catheter, having a flexible tubular body and a flexible open cylindrical wire 
25 mesh tip attached at a proximal end thereof to a distal end of tiie tubular catiieter body, 
vjii^h the wire mesh tip being in an initial contracted position wherein the wire mesh tip 
is configured to have dimensions of a contracted diameter approximately equal to the 
inner diameter of the tubular catheter body and a contracted position iengtii is first 
inserted into the lumen of the vessel to be cleared of an obstruction. 
30 The catheter is then advanced tiirough ttie lumen so that the wire mesh tip is 

positioned at the situs of the flow obstruction. 

Remote control means external to.the catheter and connected to the wire mesh 
tip by a control wire and associated means are then actuated to cause the wire mesh 
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tip to be reconfigured to an expanded position at the situs of the flow obstnjdion, such 
that the wire mesh tip has an expanded diameter greater than its contracted diameter 
and not greater than thirty times the outer diameter of the outer wali of ttie tubuiar 
catheter body and a length equal to an expanded length in the axial direction of the 
6 tubular catheter body that is shorter than the contracted length. The expansion of the 
diameter of the wire mesh tip at the situs of the flow obstruction produces a 
compression of flow obstructing material against the tubular wall of the lumen to widen 
the passageway for flow through the lumen. 

Optionally, radio frequency energy supplied from a source extemal to the 
10 catheter and transmitted through at least one transmitting wire to the wire mesh tip to 
which a distal end of said at least one transmitting wire is attached, is utilized to 
energize the wire mesh tip to cut or ablate tiie flow obstructing material with which the 
wfre mesh tip is In contact while in its expanded position. 

Suction through the catheter Is also optionally utilized to remove any debris 
15 formed during cutting or ablation. 

The remote control means is then deactuated to cause the wire mesh tip to be 
restored to He the first contracted position. 

Hnaliy, the catheter Is witfidrawn from the lumen. 

The specific method utilized wKh catheters according to the present invention, 
20 \hB embodiment of which is illustrated in Rgs. 1M2, is described by ttie following 
procedure. 

the catiieter is first inserted Into the lumen of the vessel to be cleared of an 
obstruction. The wire mesh tip Is fabricated from a wire mesh material having intrinsic 
shape-restoring properties, with the wire mesh tip being fabricated to have a default 

25 position in an expanded position thereof, sudi that the wire mesh tip Is initially in a 
confracted position wherein the tip is configured to have dimensions of a confracted 
diameter substantially equal to and not greater tinan tiie inner diameter of the tubular 
catheter body and a contracted position length. The wire mesh tip is bonded to an 
open coll which acts as a control means, in the embodiment, moreover, tiie tubular 

30 catheter body is slidable witii respect to tiie wire mesh tip and acts as means for 
manipulating the wire mesh tip, by ftjncBoning as a movable outer eheaUi for the wire 
mesh tip. The sheatii (tubular cattieter body), which in a flnst position surrounds the 
wire mesh tip in its contracted position, exerts a restraining force on the wire mesh tip 
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against expansion thereof to Rs debuK position, such that when the sheath is moved 
in a direction toward the proximal end of the catheter body from Its the first position to 
a second position^ wherein it no longer sun^ounds the vAtb mesh tip» the wire mesh tip 
is caused to expand to its said expanded position, due to the removal of said 
5 restraining force of the sheath on the wire mesh tip and the shape^estoring properties 
of the material of the wire mesh tip, which cause the wire mesh tip to expand in the 
absence of the restraining force from the sheath. 

The catheter is then advanced through the lumen so that the wire mesh tip is 
at the situs of the flow obstmction. 
10 The movable outer sheath (tubular catheter body) is then moved to its second 

position to cause the wire mesh tip to expand at the sHus of the flow obstmction, such 
that the ^re mesh tip has an expanded diameter greater than its contracted diameter 
and less than thirty times the outer diameter of the tubular catheter body and an 
expanded position length in the axial direction of the tubular catheter body that is 
15 shorter than the contracted position length. Expansion of the diameter of the wire 
mesh tip at the sRus of the flow obstruction produces a compression of the flow 
obstructing material against the tubular wail of the lumen to v\dden the passageway for 
flow tiirough the lumen. 

Optionally, radio frequency energy supplied from a source external to the 
20 cattieter and transmitted through at least one transmitting wire to the wire mesh tip to 
which the distal end of the at least one transmitting wire Is attached, is utilized to 
energize the wire mesh tip to cut or ablate tiie flow obstmcUng material witti which the 
wire mesh tip In its expanded position is in contact. 

Suction through ttie catheter is also optionally utilized to remove any debris 
25 fomned during cutting or ablation. 

The wrire mesh tip is returnable to its contracted position when tiie sheath is 
moved in a direction toward the distal end of the catiieter body to its first position, 
wherein it again surrounds tiie wfre mesh tip and exerts a resfraining force tfiereupon, 
causing the wire mesh tip to remain confracted while tiie resfraining force is exerted 
30 thereon by the sheatti. 

The movable outer sheath (tubular catheter body) is then moved to its first 
position to cause the wfre mesh tip to be restored to Its first, contracted position. 

Rnally, the catiieter is wittidrawn from tiie lumen. 
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The spedfie method utllbed with catheters according to the present invention, 
the embodiment of which Is Illustrated in Figs. IS-U. Is described by the fonowing 
procedure. 

The catheter Is first Inserted Into the lumen of the vessel to be cleared of an 

5 obstnjclion. The wire mesh tip is fabricated from a wire mesh material having Intrinsic 
shape-restoring properties, vwth the wire mesh tip being fabricated to have a default 
position in a second* expanded position tttereof. The wire mesh tip cooperates with 
an open coil, such ttiat the wire mesh tip Is Initially in a first contracted position wherein 
the wire mesh tip Is configured to have dimensions of a contracted diameter 

1 0 substantially equal to and not greater than the outer diameter of the outer tubular wall 
of the tubular catheter body, and a contracted position length. In this embodiment, 
moreover, the tubular cattieter body acts as means for manipulating the wire mesh tip 
between its first and second positions, by functioning as a sheath for the vrfre mesh tip. 
The sheath has a first position In which It sunrounds the wire mesh tip, and a second 

16 position In which it does not surround the wire mesh tip. The Wire mesh tip 
manipulating means fUrUier Includes a string vrttich passes through the open coil, with 
a portion of ttie string being woven through tiie wire mesh tip, such tiiat In order to 
cause the wire mesh tip to move from its first position to its second position, the outer 
sheath is first moved from Its first position to Its second position, to release the distal 

20 end of the wire mesh tip. The string Is subsequentiy released to allow ttie intrinsic 
shape-restoring properties of the wire mesh tip to cause tiie proximal end of tiie wire 
mesh tip to fully expand. To cause the wire mesh tip to move from its second position 
to its first position, the string is first pulled in a direction toward tiie proximal end of ttie 
cattieter, to thereby shorten the portion of tiie string woven through tine wire mesh tip, 

26 partially confracting the wre mesh tip, and subsequentiy moving tiie outer sheath in a 
direction toward tiie distal end of the catheter, to move the outer sheath Into its first 
position wherein It surrounds tiie wire mesh tip, tiiereby fully confracting the wire mesh 
tip. 

The catheter Is tiien advanced tiirough tiie lumen so thai the wfre mesh tip Is 
30 at the situs of the flow obstmcUon. 

The movable outer sheath (tubular catiieter body) is tiien moved proxlmally to 
its second position and the string is released to cause tiie wire mesh tip to expand at 
the situs ol tite flow obstruction, such that the wire mesh tip has an expanded diameter 
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greater than Ks contracted diameter and less than thirty times the outer diameter of the 
outer tubular wall of said catheter, and an expanded position length extending parallel 
to the a}dai direction of the catheter that is shorter than the first position length. 
Expansion of the diameter of the wire mesh tip at the situs of the flow obstruction 
6 produces a compression of flow obstructing material against the tubular wall of the 
lumen to widen the passageway for flow through the lumen. 

Optionally, radio frequency energy supplied from a source external to the 
catheter and transmitted through at least one transmitting wre to the wire mesh tip to 
which the distal end of the at least one transmitting wire Is attached, is then utilized to 
1 0 energize the wire mesh tip to cut or ablate the flow obstructing material with v^Aiich the 
wire mesh tip in its expanded position is in contact. 

Suction through the catheter is also optionally utilized to remove any debris 
fontied during ciitting or ablation. 

The movable outer sheath (tubular catheter body) is then moved to its first 
15 position to cause the wire mesh tip to be restored to Ks first, contracted position. 

Finally, the catheter is virithdrawn from the lumen. 

According to the method of use of the apparatus of the present Inventlont an 
embodiment of a catheter of the present invention is left in place In the lumen of a 
vessel to eoinpress an obstmcticn therein and enlarge the flow path through the lumen 

20 for at least a sufficient time, to cause the obstructed material to remain compressed 
against the lumen wan. The catheter may be left in place with the wire mesh ^ in an 
expanded position for a period of up to about 48 hours, although that length of time 
is generally not required to cause a lasting compression of the obstructive material. 
In those embodiments of the catheter which include means for delivery of radio 

25 frequency energy to the obstruction in order to cut or ablate the mass of obstructive 
material, radio frequency energy Is applied only for a sufficiently long period of time to 
cut or ablate the material, which is generally not longer than several minutes, although 
the catheter may be left In position with the wire mesh tip in its expanded position for 
a longer period of time of up to about 48 hours, in order to continue to compress any 

30 remaining obstructive material against the wall of the lumen to Increase the flow path 
through the lumen. 

All embodiments of the catheter according to the present invention can also be 
utilized with and include as an element thereof, a guldewlre to facilitate placement of 
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the catheter Into the lumen of the vessel and advancement of the catheter to the situs 
of the obstruction. A guldewire lumen must be provided through the catheter from Its 
prodmal to its distal end to accommodate the guldewire. In those embodiments which 
utilize a control wire-plate mechanism to manipulate the wire mesh Hp, ttie control wire 

6 can be a hollow tube and the plate has a hole through it to accommodate the 
guldewire. — 
When a guldewire is utilized^ the above<iescribed method of use of each 
embodiment of catheter equipped with a guldewire is preceded by an Initial step, 
performed before insertion of the catheter Into the lumen of the vessel, of inserting the 

10 guldewire into the lumen and advancing it through the lumen to the situs of the 
obstnjction with at least a portion of the guldewire remaining extemal to the lumen at 
the point of insertion. The catheter Is then placed on the guldewire and advancement 
of the catheter in the lumen to the situs of the obstniction according to the above- 
described methods of use proceeds along the guldewire. 

15 All embodiments of the catheter according to the present invention can also 

Include means for sucHonIng debris and fluids from the situs of removal of the 
obstructive mass through the catheter. 

All embodiments of the catheter according to the present invention which utHIze 
wire mesh tip control means, such as a control element-plate, and wherein the wire 

20 mesh tip extends beyond the distal end of the tubular catheter body when the tip Is in 
a contracted positioni with the wire mesh tip being unsheathed, can also be fitted with 
a slidable sheath to cover the wire mesh tip during insertion of the catfieter to prevent 
the vrfre mesh tip from damaging the lumen of the vessel. Such a sheath is then 
retracted when the catheter is in place with the wire mesh tip at the situs at the 

25 obstruction before the wire mesh tip Is expanded, and replaced when the catheter is 
to be withdrawn. 

When the catheter is to be primed with one or more of a radiopaque contrasting 
solution to feicilitate tracing Its location; a saline solution to make It pH compatible witti 
body fluids or blood in the vessel Into which the catheter is to be inserted; or Is to be 
SO created with a non-thrombogenic material to prevent blood clotting, such priming 
and/or coating steps are performed first, prior to insertion of the catheter into the 



vessel. 
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The foregoing embodiments of the wire mesh tipped catheter, Its constituent 
elements and Its method areas of use, according to the present Invention, are not 
Intended to be limiting. Further examples within the scope of the claims will be 
apparent to those skilled In the art 
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CLA1MS 

1. A catheter for insertion in the iumen of a vessel comprising in 
combination: 

atubular catheter body open et both ends, with an inner diameter and an outer 

5 diameter, a fixed length, and a proximal end and a distai end; 

a wire mesh tip capable of being configured to have a substantially cylindrical 
shape of variable dimensions, open at both ends, said wire mesh tip hiaving a variable 
diameter, a variable length, and a proximal end and a distal end, with said wire mesh 
tip being attached at its said proximal end to said distal end of seld tubular catheter 

10 body, such that said wire mesh tip and said tubular catheter body are coaxially joined 
in a lengthwise direction; and 

manipulation means for manipulating said wire mesh tip back and forth between 
a contracted position, wherein said tip Is configured to have dimensions of a contracted 
diameter substantially equal to and not greater than said inner diameter of said tubular 

16 catheter body, and a contracted position length, and at least one expanded position, 
wherdn sedd tip is configured to have dimensions of an expanded diameter greater than 
said contracted diameter and not greater tiian thirty times said outer diameter of eaid 
tubular catheter body, and an expanded position length that is shorter than said 
contracted position length, said mearts for manipulating said wire mesh tip back and 

20 forth between its said contracted position and its said at least one expanded position 
comprising a means selected from the group consisting of first and second 
manipulation means, wherein 

said first manipulation means comprises: 

a plate having a diameter substantially equal to and not greater than said inner 
25 diameter of said tubular catheter body and having a front face facing in the direction 
of said distal end of said tubular catheter body and a back face facing in the direction 
of said proximal end of said tubular catheter body, said plate being oriented in a plane 
perpendicular to the longitudinal axis of said tubular catheter body, and such that a 
clearance is provided between said plate and said inner diameter of said tubular 
30 catheter body to enable movement of said plate back and forth along said longitudinal 
axis of said tubular catheter body; 

a plurality of branch control wires, each having a proximal end and a distai end, 
wHh each branch control wire being attached at its distal end to said distai end of said 
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^re mesh tip at selected points around the circular perimeter of eaid cyBndrically 
shaped vAre mesh tip at its distal end, the branch control v^res having a length greater 
than the length of said wire mesh tip In Its said contracted position, such that said 
branch control wires extend longitudinally from their points of attachment at said distal 
5 end of said wire mesh tip parallel to the length of said wire mesh tip in a direction 
toward said proximal end of scdd tubular catheter body, with each branch control wire 
being attached at its proximal end to said front face of said plate at selected points on 
the front face of said plate and when said wire mesh tip is in its said contracted 
position, having its maximum length, said plate is positioned at a first position thereof, 

10 and said branch control wires are positioned at a first position thereof, having a 
maximum component of their length that is parallel to and coaxial with said longitudinal 
axis of said tubular catheter body, and further such when said wire mesh tip is In an 
expanded position, said plate is positioned at a second position thereof, wherein said 
plate extends further toward said proximal end of said tubular catheter body than when 

15 said plate Is In its said first position, and said branch control wires are positioned at a 
second position thereof, tmAng a component of their lengOi that Is parallel to and 
coaxial with said longitudinal axis of said tubular catheter body, which is shorter than 
said maximum component when in said first position; 

a control element selected from the group consisting of a wire, a solid rod, and 

20 a hollow tube, said control element having a proximal end and a dtetal end, said control 
element being attached at its said distal end to said back face of said plate, and 
extending longitudinally away from said plate through said tubular catheter body, 
coaxlally with said longitudinal axis of said tubular catheter body, In a direction toward 
said proximal end of said tubular catheter body, said control element exiting from said 

25 proximal end of said tubular catheter body and tentiinating at said proximal end of said 
control element; and 

remote control means to which said proximal end of said corttrol element exiting 
at said proximal end of said tubular catheter body is attached, for enabling remote 
actuation to cause said wire mesh tip to change its position from its said contracted 

30 position In which said wire mesh tip is maintained while said catheter Is being deployed 
in the lumen of a vessel, to its said expanded position in which said wire mesh tip Is 
maintained whOe an obstruction In the iimen Is oompressed again^ the walls of the 
iumen to restore circulation through the lumen, said remote control means also being 
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capaUe, aKematively, of reversible actuation to cause said wire mesh tip to change 
position from its said expanded position to its said contracted posltton in order to 
enable wthdrawal of said catheter from the lumen; 

wherein said wire mesh tip is caused to move from its said contracted position 
5 to its said expanded position by actuating said remote control means in such a way as 
to exert a pulling force on said proximal end of said control element causing said 
control element to move in a longitudinal direction parallel to the longitudinal axis of 
said tubular catheter body, towards said proximal end of said tubular catheter body, 
ssdd pulling force being transmittjdd to said plurality of branch control wires by said 

10 plate, causing said plate and said branch control wires to be displaced from their 
respective said first positions to their respective said second positions and causing said 
distal end 6f said wire mesh tip to be moved from its said contracted position to its said 
expanded position; and 

wherein deactuation of said remote control means to terminate said pulling force 

1 6 on said control element causes the elements including said control element, said plate 
and said branch control wires to retum from their respective said second positions to 
their respective said first positions, by moving said eiemente in a direction towards said 
distal end of said tubular catheter body, thereby causing said wire mesh tip to retum 
to its said contracted position from its said expanded position; and 

20 said second manipulation means comprises: 

a plate-lii(e element having an equivalent diameter substantially equal to and not 
greater than said inner diameter of said tubular catheter body and having a front face 
facing in the direction of said distal end of said tubular catheter body and a bacic face 
facing in the direction of said proximal end of said tubular catheter body, said plate-like 

25 element having a shape selected from the group consisting of circular, square, 
rectangular and polygonal having at least five sides, and being oriented in a plane 
perpendicular to the longitudinal axis of said tubular catheter body, such that a 
clearance is provided between said plate-like element and said inner diameter of said 
tubular catheter body to enable movement of said plate-iil^e element back and fortti 

30 along said longitudinal axis of said tubular catheter body; with said plate-like element 
being attached to said vAre mesh tip around the drcuiar perimeter of said cylindrically 
shaped wire mesh tip at Its said distal end; 
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a control element selected from the group consisting of a wire, a solid rod,and 
a hollow tube, said control element having a proximal end and a distal end, said control 
element being attached at its said distal end to said back face of said plate-like element 
and extending longitudinally away from said plate-like element through said catheter 
5 body, coaxialty with said longitudinal axis of said tubular catheter body, in a direction 
toward said proximal end of said tubular catheter body, and tenminating at said 
proximal end of said control element, «(iting from said proximal end of said tubular 
catheter body; and 

remote control means to which said proximal end of said control element Is 

10 attached, for enabling remote actuation to cause said wire mesh tip to move from its 
said Initial, fully contracted posifion, attemativeiy to an intermediate partially expanded 
position or to said fully expanded position at which an obstruction in the lumen of the 
vessel in which said catheter is deployed Is compressible against the wail of said lumen 
In order to restore drculation through said lumen, and to then again cause said Mdre 

15 mesh tip to return to its said inWal confracted position to enable vi^drawal of said 
catheter from the lumen; 

wherein said plate-like element attached to said vnre mesh tip around the 
periphery of its said distal end is an element selected from the group consisting of a 
solid plate, a perforated plate, and an annulus; 

20 wherein when said plate-like element is an annulus, said second manipulation 

means is further comprised by a plurality of supporting struts for attaching said control 
element to said annulus; such that one end of each of said plurality of supporting struts 
is attached to a solid outer portion of said annulus around the periphery thereof and 
an opposite end of each of said plurality of said supporting starts is attached to said 

25 control element; and wherein when said circular element is an element selected from 
the group consisting of a solid plate and a perforated plate, said second manipulation 
means is further comprised by a plurality of supporting struts each attached at one end 
thereof to said plate-like element around its periphery, and at an opposite end of each 
of said plurality of said supporting struts to said control element sudi that said 

30 supporting struts have a portion of their length extending axially with said control 
element In a direction towards the proximal end thereof; 

wherein said vrire mesh tip Is caused to move from its said Initial cdntracted 
posHion to a said intermediate partially ^anded position or to its said fully expanded 
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position by actuating said remote control means to exert a pulling force on said control 
element causing said control element to move longitudinally parallel to the axis of said 
tubular catheter body in a direction towards the proximal end of said tubular catheter 
body, said pulling force being transmitted to said wire mesh tip through said piate-IIice 

5 element to which both said control element and said wire mesh tip are attached, 
causing said distal end of said wire mesh tip to be displaced from its said initial 
contracted position, in a direction closer towards said distal end of said tubular catheter 
body, resulting in a repositioning and a reconfiguration of said wire mesh tip from its 
initial contracted position, having an initial diameter substantially equal to yet less than 

1 0 said inside diameter of said tubular catheter body and a length equal to said contracted 
length, to a second fully expanded posiOon having a larger diameter, greater than said 
irdtial diameter and not greater than thirty times said outside diameter of said outer wall 
of said tubular catheter body and a length equal to an expanded length, in the axial 
direction of said tubular catheter body that is shorter than ssdd contracted length; and 

15 wherein said wire mesh tip is then caused to retum to its said contracted 

position from its said expanded position by deaistuating said remote control means to 
tenninate said pulling force on said control element, thereby causing said control 
element, and said plate-like element to return from tfieir said second posHon to their 
said first position in a direction towards said distal end of said tubular catheter body, 

20 and in turn causing said wire mesh tip to return to its said contracted configuration. 

2. The catheter according to claim 1 wherein said at least one expanded 
position of said wire mesh tip is a position selected from the group consisting of a fully 
expanded position, and a plurality of intermediate positions of partial expansion 
between said contracted position and said fully e)^anded position, such that in each 

25 of said intermediate positions, the diameter of said wire mesh tip is greater than its 
diameter in the said contracted position, less than maximum diameter in Its said fully 
mpanded position, and not greater than its maximum diameter of thirty times the outer 
diameter of said tubular catheter body, and the length of said wire mesh \\p extending 
parallel to the axial direction of said catheter body is shorter than its length In the said 

30 contracted position, and greater than its length In its said fully expanded position; and 
wherein said vvire mesh tip is aitematlveiy configurable from its said corrtraoted 
position through selected tntennediate positions to its fully ^anded position; from its 
fully expanded posiUon through selected Intermediate posWons to its contracted 
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positton; from a first selected Intermediate position to another selected intemnediate 
position which is attematively more expanded or more contracted than said first 
intermediate position, or from an intenmediate position to said contracted or said fuliy 
expanded position; 

6 the position and state of configuration of said wire mesh tip with respect to its 

expansion or contraction being proportional to said pulling force being exerted on said 
main control element through said remote control means. 

3. The catheter according to claim 1 wherein said vAre mesh tip is 
comprised of a plurality of rectangular wire mesh panels, with each panel having a 

10 proximal end, a distal end and two sides, said sides being longer than said ends, 
further with each panel terminating in a forward section having an outwardly facing 
curvilinear edge, each panel being longitudinally attached to an adjoining panel on both 
sides to form a substantially cylindrical configuration, and, attematively, all or selected 
ones of said panels having one of said plurality of branch control wires attached 

1 5 thereto, at their said fonvard secfion. 

4. The catheter according to claim 3 wherein said wire mesh tip is 
expandable thn>ugh a plurality of Intennediate positions between its said firsts fully 
contracted positipn and its second, fully expanded position, where in each of said 
intermediate positions ttie diameter of said wire mesh tip Is greater than its diameter in 

20 its said first contracted position and not greater than thirty times the outer diameter of 
said outer wall of said tubular catheter body, and the length of said virire mesh tip 
extending parallel to the axial direction of said tubular catheter body Is shorter than its 
length in said first contracted position; and the diameter of said wire mesh tip is less 
than its maximum diameter in its said second position and the length of said wire mesh 

25 tip extending parallel to the axial direction of said tubular catiieter body is greater than 
its length in said second fully expar^ded position; and 

wherein said wire mesh tip is alternatively re-configurable through other 
intemnediate positions to one of its first, fully contracted position and its second, fully 
expanded position; 

30 tiie position and state of configuration of said wire mesh tip with respect to its 

degree of expansion or contraction being proportional to said extent of said pulling 
force being exerted on said control element through said remote control means. 



wo 94/00178 



PCr/US93/04313 



-32- 

5. The catheter according to dalm 1 wherein the wire mesh material of said 
wire mesh tip is febricated In a braided, woven or knot pattern, 

wherein the wire mesh of said wire mesh tip Is fabricated from a metal or plastic 
that is inert to fluid present In the lumen of the vessel in which said catheter Is 
5 \deployed, said material being selected from the group consisting of stainless steel, 
nitlnol (nickel-tltanium alloy), titanium, vltallium and polyethylene: and 

wherein the wire mesh material of said wire mesh tip has a mesh size that is 
penneable to the flow of fluid present In the lumen of the vessel in which said catheter 
is deployed. 

10 6. The catheter according to claim 1 further comprising a wire for 

transmitting radio frequency energy, said wire extending the length of said tubular 
catheter body from the proximal end thereof to the distal end thereof, said wire being 
positioned in an annular space fornied between said inner diameter of said tubular 
catheter body and said control element, said wrire being connected at a distal end 

1 6 thereof to said wire mesh tip; and 

a source for generating radio frequency energy connected to said wire at a 
proximal end thereof, external to said proximal end of said tubular catheter body. 

7. The catheter according to claim 2 further comprised by: 

an ablation electrode attached to said plate and insulated from said wire mesh 

20 tip; 

a wire for transmitting electrical energy to said electrode, said wire extending 
through said length of said wire mesh tip, and being insulated therefrom, and further 
extending through the length of said tubular catheter body from said proximal end 
thereof to said distal end thereof, in said annular space between said Inner wall of said 

25 tubular catheter body and said control element, and being insulated from said wire for 
transmitting radio frequency energy to said wire mesh tip, whidi Is also contained in 
said annular space; and 

a source for generating electrical energy for said ablation electrode connected 
to said wire for transmitting electrical energy at said proximal end of said wire, external 

30 to said proximal end of said vMch is extemal to said pro)dmal end of said tubular 
catheter body. 

8. A method foY removing a flow obstmetion from the lumen of a vessel 
comprising the steps of: 
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(a) inserting into the lumen a oatlieter imving a flexible tubular body and a 
flexible open eubstantialiy cylindrical wire mesh tip attached at a proximal end thereof 
to a distal end of said tubular catheter body, with said wire mesh tip being in an initial 
contracted position wherein said wre mesh tip is configured to have dimensions of a 

5 contracted diameter approximately equal to said inner diameter of said tubular catheter 
t>ody and a contracted posrtion length; 

(b) advancing said catheter through said lumen so that said wire mesh tip 
is positioned at the situs of said flow obstmction; 

(c) actuating remote control means external to said catheter and connected 
10 to said wire mesh tip by wire mesh tip control means, to cause said wire mesh tip to 

be reconfigured to an expanded position at the situs of said flow obstruction, such that 
said wire mesh tip has an expanded diameter greater than its contracted diameter and 
not greater than fliirty times said outer diameter of said tubular catheter body and a 
length equal to an expanded ler^gih In the axial direction of said tubular catheter body 
15 that is shorter than said contracted length, the expansion of said diameter of said vAre 
mesh tip at said situs of said flow obstruction producing a compression of flow 
obstructing material against the tubular wall of said lumen to v^den said passageway 
for flow through said lumen; 

(d) deactivating said remote control means to cause sidd wire mesh tip to 
20 be restored to its said first contracted position; and 

(e) wthdrawing said catheter from the lumen. 

9. The method according to daim 8 further comprising the steps, perfonned 
between steps (c) and (d), of: 

(c') utilizing radio frequency energy supplied from a source external to the 
25 catheter and transmitted through at least one transmitting wire to said wire mesh tip to 
which a distal end of said at least one transmitting wire is attached, to energize said 
wire mesh tip to cut or ablate the flow obstructing material ^rith which said wire mesh 
tip is in contact while In its said expanded position; and 

(CO providing suction through said catheter to remove any debris formed 
30 during cutting or ablation. 

10. The method according to claim 8 wherein said catheter remains in place 
In the lumen of a vessel, virith said wire mesh flp In an expanded posMon, for a period 
of time of up to about 48 hours. 
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11. The method according to claim 8 wherein said catheter remains in place 
In the lumen of a vessel, wKh said wire mesh tip In an expanded position, for a period 
of time of up to about 48 hours, with radio frequency energy being supplied to said wire 
mesh tip of said catheter only for a shorter duration during said period of time as 

6 required to cut or ablate said flow obstnicting material. 

12. The catheter according to claim 1 further comprising a gulde^rire for 
facilitating placement of said catheter In the lumen of a v^seL 

13. The catheter according to claim 1 in which at least a part of the outer 
surface and external elements thereof. vAUch come into contact vnth blood in the lumen 

10 of a vessel, are coated with at least one of a non-thrombogenic material and an 
elastomeric material. 

14. The method according to claim 8 further comprising steps, performed 
before step (a), of: 

(aO Inserting a guidewire into the lumen and advancing it through said lumen 
15 to the situs of said flow obstnietion, such that at least a portion of said guidewire 
remains external to said lumen at the point of Insertion; 

(a'O placing a catheter as described In step (a) onto said guidevrire; and 

further that said method is such that the insertion in step (a) and the 
advancement in step (b) of said catheter is done along said guidewire. 
20 16. The method according to claim 6, further comprising the step, performed 

before step (a), of priming the catheter described in step (a) with at least one of a 
radiopaque contrasting solution, a saline solution, and a non-thrombogenic material. 

1 6. The catheter according to daim 1 wherein said plate has a substantially 
drcular cross section. 

25 17. The catheter according to claim 1 wherein said wire mesh tip is at least 

partially covered with an elastomeric material selected from the group consisting of 
thermoplastio elastomers and silicone. 
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(57) Abstract 

A catheter for use in angioplasty and other medical procedures is disclosed. The catheter features a flexible wire mesh tip 
(2) movably attached at a distal end of the catheter (I), the tip being expandable from a contracted pcmtion which it is first m 
when the catheter is deployed Inside the lumen of a vessel, to stretch open the lumen and eliminate a flow obstrucUon therem. 
such as is caused by plaque deposits; the tip subsequently being returnable to its contracted position inside the catheter when the 
catheter is withdrawn from the lumen of the vessel. Radio frequency energy may additionally be used to weld the source of the 
flow obstruction to the wall of the himen leaving a conduit of sufficiently expanded diameter to allow resumption of normal now 
in the vessel 
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